Background Ascorbic acid can interfere with methodologies involving redox reactions, while comprehensive studies on main chemistry analysers have not been reported. We therefore attempted to determine the interference of ascorbic acid with analytes on the Beckman Synchron LX20 s .
Introduction
Ascorbic acid (vitamin C) is widely used as an antioxidant, antiatherogenic, anticarcinogenic, antihypertensive, antiviral, antihistaminic and immunomodulatory agent. Plasma concentration of vitamin C is below 0.09 mmol/L in people with adequate intake of vitamin C, while high doses of vitamin C administration can raise the plasma vitamin C concentration as high as 30 mmol/L. 1 Ascorbic acid, due to its strong reducing activity, interferes signi¢cantly with chemical analyses involving oxidative reaction of chromogen reagents by peroxidase and hydrogen peroxide. 2, 3 High dose vitamin C can falsely decrease bilirubin, glucose and cholesterol levels and increase creatinine levels. 4, 5 Although it is generally known that ascorbic acid can interfere with methodologies involving redox reactions, comprehensive studies on the main chemistry analysers have not been reported. We therefore attempted to investigate the interference of ascorbic acid with analytes on the Beckman Synchron LX20 s (Beckman Coulter, Quebec, Canada).
Materials and methods
L-Ascorbic acid was purchased from Fisher Scienti¢c Company (Chemical Manufacturing Division, Fair Lawn, NJ, USA). Various ascorbic acid concentrations (0.2--12.0 mmol/L) were made with serum pooled from healthy individuals, and the analytes were measured on the LX20 s . Standard Beckman LX20 s reagents were used. Electrolytes were measured by indirect potentiometry using ion-selective electrodes. Other analytes were determined by either colorimetric or enzymatic methods. Statistical signi¢cance was tested using analysis of variance (ANOVA), followed by Fisher's protected least signi¢cant di¡erence and t-test to identify signi¢cant di¡erence between means. Sig-ni¢cant di¡erence is de¢ned as Po0.05.
Results
Signi¢cant analytical interferences between ascorbic acid and some analytes were observed ( Table 1 ). The interference was proportional to the serum ascorbic acid concentrations, which began as low as 0.8 mmol/L. There was positive interference on sodium, potassium, calcium and creatinine measurements. At a serum ascorbic acid concentration of 12.0 mmol/L, the values of sodium, potassium, calcium, and creatinine were increased by 43%, 58%, 103% and 26%, respectively (Po0.01). Negative interference was observed for chloride, total bilirubin, uric acid, total cholesterol, triglyceride, ammonia and lactate. At serum ascorbic acid concentration of 12.0 mmol/L, the values for chloride, total bilirubin and uric acid decreased by 33%, 62% and 83%, respectively (Po0.01), and total cholesterol, triglyceride, ammonia and lactate were undetectable. There was a trend towards reduction of high-density lipoprotein (HDL) cholesterol, but this reduction failed to reach statistical signi¢cance at an ascorbic acid concentration of 12.0 mmol/L. It was impossible to detect ascorbic acid interference on direct bilirubin in serum pooled from healthy individuals, as the baseline value of direct bilirubin is already around the detection limit (2 mmol/L). However, high concentration ascorbic acid (12.0 mmol/L) could cause a signi¢cant negative interference on direct bilirubin in serum pooled from patients with high direct bilirubin levels (19.7 versus 15.7 mmol/L, Po0.05).
There was no de¢nite in£uence of ascorbic acid (up to 12.0 mmol/L) on analytical values for total carbon dioxide, urea, glucose, phosphate, total protein, albumin, amylase, creatine kinase, creatine kinase-MB, aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, iron, unbound iron-binding capacity and magnesium detected on the Beckman Synchron LX20 s .
Discussion
Depending on the methodology, ascorbic acid interference with chemical analytes can be either negative or positive. Ascorbic acid may di¡use through the membrane to the electrode surface and oxidize there. Such redox reactions may alter the sensitivity of the electrode and interfere with the determination of electrolytes. Quantitation of creatinine is based on the Ja¡e reaction, where creatinine reacts with picrate ion in an alkaline solution to produce an orange--red complex. Ascorbic acid can crossreact with picrate to yield a Ja¡e-like chromogen, and cause a false elevation of creatinine values. 6 The measurement of total cholesterol, HDL cholesterol, triglyceride, uric acid, ammonia, and lactate involves oxidase and peroxidase reactions, and production of hydrogen peroxide. As a strong reducing agent, ascorbic acid can compete with the chromogen or reduce hydrogen peroxide to produce less intense chromophores. 5 Thus, ascorbic acid can negatively interfere with enzyme-based oxidative colorimetric reactions.
Conclusion
Ascorbic acid can cause a false increase in sodium, potassium, calcium and creatinine, and a false decrease in chloride, total bilirubin, uric acid, total cholesterol, triglyceride, ammonia and lactate. Ascorbic acid does not interfere with assays involving colorimetric and non-redox enzymatic reactions.
